Isotopic tracer experiments were conducted in vitro to determine contribution of protozoa toward the biosynthesis of lysine in the rumen microbial ecosystem. The presence of protozoa in a rumen microbial suspension always increased lysine synthesis from aspartate. Rumen contents from a faunated goat produced a higher amount of lysine than did those from a defaunated one.
The well-known fact that all of the essential amino acids are synthesized in the rumen (2, 5, 14) is the most important characteristic in the protein nutrition of ruminants. To what extent ciliate protozoa contribute to the synthesis of the amino acids in the rumen, however, is not well known. Onodera and Kandatsu (7) have shown that the rumen protozoa could produce lysine from 2,6-diaminopimelate (DAP), though they could barely synthesize DAP from acetate or aspartate (8) . Then the protozoa were found to produce lysine by utilizing the bound form of DAP contained in the peptidoglycan of rumen bacterial cell walls (10) . However, it has not been demonstrated yet whether or not protozoa actually increase lysine synthesis in the rumen microbial ecosystem. This paper documents that the presence of protozoa in the rumen microbial suspension practically increases lysine synthesis from asparate, based on the results of preliminary in vitro experiments with isotopic tracer.
Rumen contents were taken just before feeding from a fistulated Japanese-Saanen goat (female, 45 kg) fed for at least 3 weeks a daily ration consisting of 1 kg of haycube plus 200 g of concentrate feed (Chubu-Shiryo, Japan) and water ad libitum. After experiments with the rumen contents from the faunated goat, the animal was defaunated by the method of Abou Akkada et al. (1) and similarly reared in an isolated room; then the rumen contents were collected.
Rumen bacterial suspension was prepared in the same manner as described before (9) . A mixed suspension of bacteria and protozoa was prepared by returning washed protozoa, which were previously collected as described before (7), to the bacterial suspension to obtain the same protozoal density as the original rumen fluid. Incubation of the microbial suspension (2 ml) was started at 39°C in a Warburg flask containing 10 or 20 ,uCi of L-[U-14C]aspartic acid (specific activity, 225 mCi mmol-1; New England Nuclear) and 10 ,umol of L-aspartic acid. To the center well of the flask was added 20% (wt/vol) KOH to trap carbon dioxide. When necessary, 5 mg each of rice starch (BDH Chemicals Ltd.) and xylan (Aldrich Chemical Co., Inc.) and 5 ,umol of urea were added to the main chamber of the flask. Instead of the microbial suspension, 2 g of freshly obtained rumen contents diluted with 0.5 ml of MB9 buffer solution (6) was also used for incubation. After incubation, radioactivities or amounts of carbon dioxide, volatile fatty acids, and amino acids in supernatant fluid or microbial hydrolysate, or both, were determined as reported previously (9), using an automatic amino acid analyzer (AA-100; Sibata Chemical App. Manufacturing Co., Ltd., Japan) and a liquid scintillation spectrometer (LSC-903; Aloka Co., Ltd.). The drained eluate of a peak of some amino acids, when necessary, was collected, and the radioactivity was determined after removal of carbon dioxide by flushing with air.
In the calculation of true radioactivity, the following were taken into account: lysine and aspartate are known to react with ninhydrin to give 1 and 2 mol of carbon dioxide, respectively (13); the pathway of lysine biosynthesis in rumen bacteria is known to involve the formation of DAP by condensation of aspartate and pyruvate (12) ; and DAP is decarboxylated at the terminal carbon atom (at position 7) to form lysine.
The highest radioactivity was found in the total volatile fatty acid fraction after incubation, propionate showing the highest radioactivity followed by acetate. The carbon dioxode fraction contained the next highest radioactivity.
The amounts of lysine synthesized from aspartate in four types of microbial supensions after incubation for 20 min are shown in Table 1 . These values were obtained by the following equation based on the assumptions that all radioactive carbons in the lysine molecule are transferred from only L-[U-14C]aspartic acid and that the specific activity of aspartate does not change during the incubation period:
[Lys] = RA-Lys x SA-Asp-', where [Lys] is the concentration of lysine synthesized from the radioactive aspartate, RA-Lys is the radioactivity recovered in the lysine fraction of the medium, and SA-Asp is the specific activity of the aspartate in the medium. In these experiments, though radioactive acetate and carbon dioxide occurred, from which aspartate and pyruvate are known to be produced by reductive carboxylation (12) , radioactive carbon atoms incorporated into lysine from those two compounds seemed negligible because of the following: (i) acetate showed a low radioactivity and radioactive acetate and carbon dioxide would be diluted considerably with [U-12C]acetate and 12CO2, respectively, which are always in high concentrations in normal rumen fluid; and (ii) insignificant radioactivity has been found in the lysine of microbial protein after in vitro incubation of rumen contents with [1-14C] acetate (3) . Furthermore, SA-Asp values determined in these experiments were shown to be almost constant during a 20-min incubation period. The amounts of lysine produced in both the bacterial suspension and a mixed suspension of bacteria and protozoa from the faunated goat were always enhanced (five to six times) by the addition of urea, starch, and xylan. The higher amounts of lysine were always synthesized when the protozoa were present rather than when they were absent. This seemed to relate to the ability of the protozoa to produce lysine from DAP (7, 8, 10) . It is generally recognized that the presence of protozoa in the rumen decreases the number of rumen bacteria (4, 11) . Thus, the rumen bacteria in the defaunated goat in the present study would have been more numerous than in the faunated animal. In spite of this, the amount of lysine synthesized from aspartate in the rumen contents from the faunated goat exceeds (by 23%) that from the defaunated one. This fact may suggest one of the merits of protozoa inhabiting the rumen.
